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Diseases of the heart and blood vessels represent one of
the most challenging problems for advanced diagnostic
imaging systems. Computed tomographic scanning is po-
tentially an ideal cardiac imaging modality since it is a
cross-sectional imaging method with very high resolu-
tion. Currently available computed tomographic scan-
ners have exposure speeds of 1 to 5 seconds, which are
inadequate for the majority of cardiovascular imaging
applications. Nevertheless, a variety oflimited computed
tomographic scanning techniques have been successfully
performed in selected patient subgroups. These methods
require the administration of contrast medium injected
or infused into a peripheral vein, combined with either
dynamic computed tomographic scanning or some form
of electrocardiographic gated computed tomography. The
newer conventional computed tomographic scanners can
display anatomic structures in the heart and great vessels
with considerable fidelity and provide not only cross-
sectional displays but also, by means of computer ma-
Historically, the diagnosis of heart disease has depended
largely on radiographic methods. Cardiac catheterization
combined with hemodynamic recording and angiocardiog-
raphy has emerged as the most useful and reliable technique
and is invariably sought before cardiac surgery. This gen-
erally has remained the practice despite remarkable recent
advances in the established noninvasive fields of echocardi-
ography and nuclear medicine. Advances in the electronics
industry have resulted in enormous improvements in diag-
nostic radiology based primarily on computer applications
of digital imaging techniques. Computerized axial tomog-
raphy, or computed tomography, was the first of these new
techniques. This report outlines the present clinical status
of cardiac computed tomography, defines the advantages
and limitations of this modality and describes the use of this
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nipulation, any selected reconstructed images in oblique,
coronal or sagittal projections.
Feasibility studies indicate improved accuracy of
computed tomographic measurements of cardiac cham-
ber volumes. Physiologic measurements include esti-
mation of shunt flows and cardiac output and analysis
of myocardial wall thickening. The full potential of com-
puted tomography should be reached once fast, multiple
slice, computed tomographic scanners using scanning
electron beam techniques become available. The pro-
totype CVCT (cine computed tomographic C-100 scan-
ner) designed at the University of California, San Fran-
cisco, is now undergoing evaluation. This instrument
images up to eight contiguous slices at the rate of 16 to
24 images/so The computed tomographic scanner spe-
cifically designed for cardiac imaging should extend the
utility of computed tomography in the evaluation of car-
diac diseases and the study of cardiovascular physiology.
(J Am Coli Cardiol 1985;5:555-695)
technique for the evaluation of cardiac anatomy and func-
tion. It also considers the future prospects for cardiac im-
aging with computed tomography afforded by a new scanner
specifically designed for dealing with the requirements for
cardiac imaging.
Historical Perspective
The original mathematical solution for precise back pro-
jection imaging involving appropriate convolution algo-
rithms was developed and applied by Godrey N. Hounsfield
and Alan M. Cormack, for which they were awarded the
Nobel prize in 1979 0,2). Their work in England resulted
in the first commercial computed tomographic head scanner,
which became available in 1972 (3). The impact of this
modality in neuroradiology was dramatic. The need for in-
vasive cerebral angiography was reduced by nearly 50%,
and computed tomography has virtually replaced diagnostic
nuclear scintigraphy in the brain. Computed tomography
now dominates head imaging.
The two key requirements for cardiac diagnosis are three-
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dimensional imaging and rapid data acquisition. The latter
is a major limitation of computed tomography in cardiac
imaging at present because whole body scanners are not
designed for high temporal resolution. Nevertheless, clin-
ically useful cardiac computed tomographic studies can be
obtained by virtue of computed tomography's excellent and
unique demonstration of anatomic structure. Table I reviews
the development of computed tomography in terms of ex-
posure time and scanner geometry. The first generation lin-
ear EMI scanner required 5 minutes to acquire sufficient
data for a single image. The currently available commercial
computed tomographic scanners employ a single rotating
pulsed X-ray source that directs a fan-shaped X-ray beam
through the patient and onto a rotating detector array located
on the same gantry. This rotating fan-shaped beam design
has significantly reduced scan time to the range of 1 to 5
seconds and made possible the application of computed
tomography for cardiac purposes. The requirements for use-
ful computed tomographic imaging of the heart have been
explored (Table 2). Although the application of computed
tomography in the diagnosis of heart disease only began in
the past few years, clinically useful cardiac applications
have already emerged and new developments are occurring
rapidly.
Table 1. Development of Computed Tomography
cine computed tomographic C-IOO* Nobel prize 1979. CVCT
scanner.
Major Advantages of Computed Tomography
Whole body computed tomographic scanners have ex-
tremely precise density resolution, far greater than that of
conventional radiographic film/screen systems. This quality
results in a number of advantages. Calcification can be iden-
tified with greater sensitivity than it can by other methods
and, more important, high density resolution makes pos-
sible the use of small amounts of contrast medium (0.15 to
0.25 mllkg) for effective contrast enhancement of the blood
pool. These amounts are inadequate for most types of con-
ventional angiographic studies. The ability to provide cross-
sectional imaging of thin transverse tomographic slices is
another major advantage of computed tomography. Finally,
the image data are stored in the computed tomographic
computer in digital form and, therefore, it is possible to
obtain quantitative data from the image. This, combined
with three-dimensional imaging, makes computed tomog-
raphy a powerful modality for studying cardiac structure
and, theoretically, cardiac function.
Disadvantages of Computed Tomography
The limitations of computed tomographic imaging of the
heart are primarily technical. The major problem is the
relatively prolonged exposure time of I to 5 seconds com-
pared with the length of the cardiac cycle. This is partic-
ularly apparent when the data acquisition times of other
established techniques such as echocardiography are con-
sidered. The influence of cardiac motion and, to a lesser
extent, respiratory motion significantly degrades image
quality. Finally, the ability to image only one slice at a time
is a major drawback for cardiac purposes. Nevertheless,
despite all these difficulties, it is possible to obtain high
quality images of the beating heart; and although cardiac
computed tomography is still in its infancy , several useful
clinical applications in defining central cardiovascular pa-
thoanatomy have already emerged. A further disadvantage
of computed tomographic imaging for assessing cardiac
function is the necessity of using contrast medium. Standard
ionic contrast media can have important effects on cardiac
performance and regional blood flow.
Inventor
Takahashi
Cormack*/Kuhl
Boyd
Hounsfield*
Ritman
Boyd
Development
Axial tomography (AT)
Computed tomography
First fan beam scanner
First commercial scanner
5 minute computed
tomographic scanner
20 second EMI scanner
5 second body scanners
Proposed cardiac scanners
DSR
CVCT
Year
1947
1964 to 1966
1972
1972
1973
1976
1977
1978
Table 2. Requirements for Computed Tomographic Scanning
I) Rapid scan time, 33 to 100 ms or less with repeatability
2) Multislice capability, eight or more simultaneously
3) Repeat multislice study at 1 second during passage of contrast bolus
4) Scan registration using computed radiography for slice localization
5) Three-dimensional transformations into sagittal, coronal and oblique
images
6) Software for quantitative analysis
7) Contrast medium enhancement (contrast medium with 40% iodine
concentration)
Computed Tomographic
Scanning Techniques
The thickness of each scan is determined by the operator
and is usually 1 cm, but can be 0.5 cm or less. An important
aspect of computed tomographic scanning is the determi-
nation of the anatomic levels at which the scans are desired.
The application of digital imaging to computed tomography
first occurred in this context. A computed radiograph, or
scout view as it is sometimes termed, is a slit digital image
obtained while the X-ray source is kept stationary and a
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Figure t. Computed chest radiograph of a
patient with a wide mediastinum, This image
was obtained by advancing the table through
the pulsed X-ray fan beam while the X-ray
tube was kept stationary, Each pulse gener-
ates one line of the image, The digital pro-
cessor constructs the image by the juxtapo-
sition of lines. The technique ensures accurate
computed tomographic slice registration for
selecting appropriate anatomic levels desired
(note adjacent linear scale). The horizontal
dotted lines are selected and can be varied
by the operator and correspond to the scan
levels to be exposed. This computed radio-
graph has a wide dynamic range. Bones and
soft tissues can be seen by changing the com-
puted tomographic window and level at the
console.
Figure 2. Dynamic computed tomographic scan
sequence after a 25 ml peripheral intravenous
bolus injection of Renografin-76. The first scan
displayed is scan 3 from the series and shows
the right atrium and ventricle. Subsequently, the
left atrium and ventricle enhance. The respective
planes of the atrioventricular valves are well seen
in scans 6 and 8 to II.
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Figure 5. Linear regression analysis for septal wall thickness.
Measurements (mm) obtained at autopsy (Autop) are on the ab-
cissa; corresponding computed transmission tomographic (CT) es-
timates lie on the ordinate.
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Figure 3. Multiple contiguous scanning provides a three-dimen-
sional (3-d) cubic matrix of image data stored in the computed
tomographic computer. The operator can select any chosen plane
from which the computer reconstructs the appropriate oblique,
sagittal or coronal image. This provides two-dimensional (2-d)
projection images that resemble angiographic projections and has
diagnostic flexibility and versatility. Note that the whole heart lies
within this cubic matrix.
Figure 4. Schematic diagram demonstrating the operation of pro-
spective electrocardiographic (ECG) gating system with the bio-
logic window set at 10% of the RR interval. It also demonstrates
the concept that when the R wave is uniformly distributed over
the scanning circle (that is, one R wave per angular segment),
sufficient data are obtained to reconstruct 10 images in which each
image corresponds to 10% of the cardiac cycle. (Reproduced from
Mattrey RF, et al. [9] with permission of the American Heart
Association, Inc.)
INPUT
~__ANGULAR
DATA
SET
Figure 6. Computed tomographic analysis of myocardial mass.
Cut-ofT lines are traced at locations where the left ventricular
myocardium is directly adjacent to other structures that have a
computed tomographic number similar to that of left ventricular
myocardium. The area of the left ventricular myocardium mea-
sured by this computer program is printed out in the lower right
corner (in cm2). This value is multiplied by the scan thickness
(10 mm) to give the volume of left ventricular myocardium for
each scan. Addition of values from sequential scans produces total
left ventricular myocardial volume which can be easily converted
to total left ventricular mass.
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pulsed beam of radiation is produced. The patient is trans-
ported through this beam on the tabletop and a computed
radiograph is produced (Fig. 1). This enables the operator
to identify a suitable scan level, which is registered in the
computer's memory (note linear scale, Fig. I), thereby mak-
ing it possible to rescan the same level with precision at
any subsequent time during the procedure.
Intravenous contrast medium can be administered in sev-
eral ways. The usual method is a rapid injection of a bolus
of 25 ml of contrast medium with a high (14%) iodine
content into a medial antecubital vein or external jugular
vein. A 16 or 18 guage short (3 to 5 em) catheter is employed
while dynamic computed tomographic scanning is perform-
ed. An example is illustrated in Figure 2. A rapid intra-
venous infusion of 100 to 150 ml is used for mulitlevel
scanning and for electrocardiographic gated computed tom-
ographic acquistion.
A cubic matrix of computed tomographic data can be
stored in the computed tomographic computer memory (Fig.
3). This allows any sagittal, coronal or oblique reconstruc-
tion to be selected and generated from multiple transverse
scans. These projection images resemble those normally
obtained by conventional angiocardiography.
Gated Computed Tomographic Scanning
A further development of computed tomographic scan-
ning is the application of electrocardiographic gating which,
although not routinely available with all computed tomo-
graphic scanners, is currently being explored at a number
of centers (4-9). This technique is Qne method of overcom-
ing the problem of cardiac motion and is critical in obtaining
quantitative dimensional data and ejection fractions. It can
also measure the extent of wall thickening during the cardiac
cycle.
Gated computed tomographic scanning differs signifi-
cantly from standard computed tomographic scanning. To
obtain a reconstructed image of a stationary object by stan-
dard computed tomography, a fl\ll complement of angular
X-ray data must be obtained over the full scanning circle
from 0 to 3600 without significant gaps in the angular data
set. Some gating programs use only 1800 plus the fan beam
angle. However, no gaps are permitted in this data. Multiple
scans are required to obtain the necessary angular data to
reconstruct a gated image of the heart.
Retrospective versus prospective gating. Currently, two
gating techniques are being utilized: retrospective (0) and
Figure 7. Multilevel scans (S), each I cm
thick, through the contrast-enhanced heart
of a dog. AO = aorta; LA = left atrium;
LV = left ventricle; PA = pulmonary ar-
tery; RV = right ventricle.
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Figure 8. Demonstration of a coronal
reconstruction through all the slices im-
aged in Figure 7. This plane as shown
in the lower panel is selected by the
operator, and the computed tomo-
graphic computer generates the image
shown in the upper panel.
Figure 9. Relation between autopsy values and computed tom-
ographic (CT) estimates of left ventricular mass in grams. Closed
triangles represent normotensive dogs; open triangles represent
beagles with left ventricular hypertrophy. The lines on either side
of the regression line indicate the 95% confidence limits.
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prospective (9,11) gating. With retrospective gating, the
computed tomographic scan data and the electrocardiogram
are simultaneously recorded, but the electrocardiographic
signal does not guide the acquisition of X-ray data in any
manner. Subsequently, the image is reconstructed from data
obtained within a selected time window (biologic window),
bracketing the desired portion of the electrocardiographic
signal, that is, QRS complex at end-diastole.
The prospective gating system allows preselection of a
fraction of the electrocardiographic RR interval width to be
monitored (9). The biologic window width sets the fraction
of the cardiac cycle to be represented by each image. Pro-
spective gating assures the even distribution of the R waves
throughout the scanning circle in the minimal number of
scans. This is accomplished by launching the X-ray tube at
the appropriate time relative to the R wave on the electro-
cardiographic input, such that one of the following R waves
falls in the largest gap in the already acquired angular X-
ray data (Fig. 4). In our studies, the width of the biologic
window has generally been set at 10% of the RR interval.
Since the heart rate was maintained between 100 and 120
beats/min, each frame represents 0.05 to 0.06 second. With
the biologic window set at 10% of the RR interval, ap-
proximately eight scans were required to obtain a full com-
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Figure 10. A, Left ventricular volumes measured
by radiography in the anteroposterior/lateral pro-
jections plotted against actual cast volumes, Line
A is the regession line. Ninety-five percent confi-
dence limits for the regression lines are indicated
by lines Band B I ; 95% confidence limits for in-
dividual measurements are indicated by lines C and
C I , B, Calculated computed tomographic (CIT) vol-
umes plotted against true cast volumes. The regres-
sion line practically coincides with the line of iden-
tity. The correlation coefficient is 0,998 .
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Figure 11. Series of gated computed transmission tomographic
scans through the mid-left ventricle, depicting one composite car-
diac cycle obtained at rest. Images progress through the cardiac
cycle vertically, starting at the top left and ending on the bottom
right. The 10th image in the series is not shown. (Reproduced
from Mattrey RF, et al. [9) with permission of the American Heart
Association, Inc.)
plement of gated angular data, requiring approximately 45
seconds of breath-holding.
Evaluation of Myocardial Wall Thickness,
Mass ~nd Wall Thickening Dynamics
Computed tomography has the advantage of being able
to identify not only the inner endocardial walls, but also the
epicardial surface. Thus, although wall thickness as well as
total myocardial mass can be estimated without electrocar-
diographic gating, gating should enhance the precision of
dimensional quantit;J.tion by computed tomography (12,13).
Initial results (12,13) have shown a close correlation be-
tween computed tomographic measurements and postmor-
tem anatomic measurements. Septal wall thickness was
measured in dogs with induced chronic hypertension and
matched normotensive control dogs (Fig. 5) (12). Total
myocardial mass can be estimated as illustrated in Figure
6, which demonstrates one computed tomographic method
for depicting the myocardium using a range of computed
tomographic density numbers after contrast enhancement.
Contiguous multilevel scans can be obtained during fixed
inspiration (Fig. 7). The method for multiplane image re-
construction as shown in Figure 3 can then be applied to
this computed tomographic image data (Fig. 8). Left ven-
tricular mass in vivo correlated well in dogs with autopsy
measurements (Fig. 9) (13). These in vivo experiments are
very encouraging and support the results of earlier in vivo
computed tomographic studies (15) that assessed the ac-
curacy for quantitating left ventricular volumes. Measure-
ments of volumes of silicone casts of human left ventricles
demonstrated the more consistent and improved accuracy
of computed tomography compared with biplane angiog-
raphy in the quantitation of left ventricular volumes (Fig.
lOA and B) (14,16).
An even more exciting prospect for computed tomo-
graphic scanning is the quantitation of myocardial wall
thickening dynamics (9,17). Electrocardiographic-gated
computed tomography is required with conventional body
computed tomographic scanners for this purpose. Gated
computed tomographic scans in an animal model of regional
ischemia have identified the region of ischemia (Fig. 11 and
12) by demonstrating loss of wall thickening during the
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Figure 12. Series of gated computed tomographic scans obtained
after occlusion of the left anterior descending coronary artery in
the same dog shown in Figure II and at the same left ventricular
level. The sequence is similar to that of Figure 11, (Reproduced
from Mattrey RF, et al. [9] with permission of the American Heart
Association, Inc.)
cardiac cycle (11), This has also been observed in patients
(18),
Clinical Application in Heart Disease
Various congenital and acquired cardiovascular disorders
have been effectively examined by computed tomography
(17, 19-21), The use of computed tomography for cardio-
vascular diagnosis will be described for several groups of
abnormalities,
Congenital abnormalities involving the great vessels
and venous structures. In a given patient, the clinical find-
Figure 13. Four computed tomographic scans (S) obtained at dif-
ferent anatomic levels through the aorta in the same patient as in
Figure 1. Note the peripherally situated patchy calcifications around
the markedly dilated lumen of the ascending aorta. Note also that
the whole aorta opacifies as one homogeneous structure. The oblique
line indicates the plane selected for oblique reconstruction.
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Figure 14. Oblique computed tomographic reconstruction through
the plane indicated in Figure 6A. This image illustrates the ex-
cellent demonstration possible of anatomic structures by computed
tomography. Note that the grossly dilated ascending aorta resumes
a normal diameter at the origin of the great vessels and appears
to maintain its normal caliber beyond them. This patient had a
true aneurysm of the aorta.
ings and conventional chest radiographs may raise the ques-
tion of a nonvascular or vascular mediastinal mass. Com-
puted tomography provides a most effective and almost
noninvasive screening procedure in this setting (Fig. 13).
The transverse scans display a markedly dilated ascending
aorta and depict areas of calcification along its outer margin.
The presence of peripheral calcification favors a true an-
eurysm as opposed to a dissecting aneurysm. This can be
seen before the infusion ofcontrast medium, which confirms
(by its uniform enhancement) that the mass is indeed vas-
cular. An oblique reconstruction can then be generated from
multiple contiguous transverse scans as shown in Figure 14.
This image closely resembles a typical left anterior oblique
projection image obtained during conventional angiography.
True aortic aneurysms can be distinguished from classic
aortic dissections (22). Details of the findings in these con-
ditions have been described in detail previously (23). Dis-
secting aneurysms can also be diagnosed by computed to-
mography' (Fig. 15). False and true lumens may opacify
differentially. Calcifications, when present, may appear to
lie centrally within the lumen, in contradistinction to the
marginal position of calcifications seen with true aneurysms.
Coarctation of the aorta is also readily demonstrated by
computed tomography (Fig. 16) (24). Unlike angiography,
computed tomography is able to provide any desired pro-
jection image of the aorta. Furthermore, a vessel's origin
(for example, the subclavian artery) can be located and
studied in any projection long after the procedure is completed.
Figure 15. Computed tomographic scans from a pa-
tient with an aortic dissection. The upper two panels
(contrast-enhanced scans) show an intimal flap through
the aortic arch and both the ascending and descending
aortas. The lower left image is a scan through a pre-
viously placed Teflon graft in the ascending aorta. The
oblique computed tomographic reconstruction was cre-
ated from multilevel cross-sectional images in the plane
indicated by the white cursor line selected by the
physician. The longitudinal intimal flap is labeled.
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Figure 16. Contrast-enhanced oblique computed tomographic re-
construction from a patient with coarctation of the aorta. Note the
dilated ascending aorta and the small stenotic descending com-
ponent. The position of origin of the left subclavian artery or any
other vessel can be easily explored and displayed.
Figure 17. Lateral computed tomographic image reconstruction
from a patient with transposition of the great vessels, showing the
aorta arising from the anterior ventricle. The combination of trans-
verse images and any other selected arbitrary plane of reconstruc-
tion makes computed tomography a powerful imaging modality.
Figure 18. The lower panels illustrate computed tomographic
scans (S) at different levels with marked contrast enhancement of
a left-sided mediastinal structure. The coronal reconstruction in
the upper panel confirms the presence of a left-sided superior
vena cava. Other images showed that it drained directly into the
coronary sinus.
The potential of computed tomography to estimate blood
flow by means of time-density analysis is also exciting.
While conclusions on this topic remain tentative, several
validation studies (25, 26) suggest that the outlook is op-
timistic for the use of computed tomographic data in esti-
mating regional myocardial blood flow, particularly when
fast cardiac computed tomographic scanners become available.
Malpositions, such as transposition of the great vessels,
can also be demonstrated by computed tomography (Fig.
17). Likewise, venous anomalies in isolation or in associ-
ation with congenital heart disease (Fig. 18) have been noted
on contrast-enhanced computed tomographic studies (27).
Intracardiac shunts. Computed tomography provides a
flexible approach for displaying intra- and extracardiac anat-
omy. An example of an intact ventricular septum is shown
in Figure 19. Any oblique plane of reconstruction can be
selected from axial scans and generated; in Figure 19 an
image equivalent to a left anterior oblique projection was
obtained. Compare this with Figure 20, in which a ventric-
ular septal defect is demonstrated. The ability to obtain
dynamic computed tomographic scanning at one level with
a bolus injection enables a computed tomographic computer
program to generate time-density curves (Fig. 21). In this
case, the region of interest was placed over the right ven-
tricle. Note the biphasic nature of the curve, indicating the
presence of left to right shunting. The curve shown was
based on a gamma variate fitting program. There is a po-
tential to use contrast medium enhancement with dynamic
computed tomography for estimating the volume of shunts.
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Figure 19. The lower panel illustrates a contrast-enhanced com-
puted tomographic scan (S) at the ventricular level. The cursor
line is the oblique plane selected for reconstruction. The generated
image (upper panel) is equivalent to the left anterior oblique
projection and profiles a normal interventricular septum which is
well defined; the left and right ventricular cavities are also elegantly
seen and have relatively sharp boundaries.
However, such applications are just emerging, and two re-
quirements remain to be met before the full potential of
computed tomography can be attained. These two needs are
continuous subsecond exposures and simultaneous multi-
level scanning. Instruments to accomplish these tasks are
being constructed and prototypes are currently being tested
(25,26).
Cardiac tumors. The presence and, in particular, the
extent of intracardiac and paracardiac tumors can be deter-
mined by conventional noninvasive imaging techniques.
Computed tomographic scanning, by virtue of its excellent
spatial and density resolution, is able to identify intracar-
diac, myocardial and pericardial masses, as well as the
extracardiac component of such masses. Similarly, other
mass lesions have been successfully demonstrated by com-
puted tomography, including intraatrial and intraventricular
thrombus. A comparison of these findings with two-dimen-
sional echocardiography suggests that computed tomogra-
phy may have an equal or greater diagnostic accuracy (28-30).
Pericardial abnormalities. Established noninvasive
techniques (notably echocardiography) have proved valua-
ble in detecting lesions such as pericardial effusion and
Figure 20. A large ventricular septal defect is well demonstrated
in this oblique reformat. Iv = left ventricle; rv = right ventricle.
Figure 21. A computed tomographic scan from a dynamic se-
quence of scans during a bolus injection of contrast medium. A
region of interest has been selected over the right ventricle (boxed
area) and a time-density curve has been generated using the av-
erage density change within the region of interest on each scan
plotted against time. This biphasic curve is abnormal and indicates
a left to right shunt. This patient had a ventricular septal defect.
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Figure 22. Sequence of I cm thick computed
tomographic scans (S) at multiple levels through
heart showing the densely thickened pericardium
separated by pericardial fat from the myocardial
wall. This patient posed a difficult diagnostic
problem. A diagnosis of constrictive pericarditis
was suggested from the scan.
thickening. However, computed tomography is emerging
as, perhaps, a more sensitive method for identifying con-
strictive pericarditis, congenital pericardial defects and me-
diastinal mass lesions adjacent to the pericardium (31). Lo-
calized or generalized pericardial fluid can also be identified
and quantitated by computed tomography (32,33). Pericar-
dial cysts may also be imaged in their entirety. Since the
whole chest is readily scanned by computed tomography,
associated abnormalities elsewhere in the mediastinum and
lungs can be detected routinely during the same procedure.
Pericardial constriction is usually associated with thickening
Figure 23. The cine computed tomographic scanner (CYCT) cur-
rently under construction at the University of California, San Fran-
cisco. Electronic deflection of an intense beam of electrons replaces
the mechanical gantry motion required in conventional computed
tomographic scanners. X-ray beams are produced at a series of
180 em diameter tungsten target rings that cover a half-circle below
the patient. This design provides for high scanning speed, lTIul-
tiplanar images and continuous scanning capability with reduced
heat load limitations.
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Figure 24. Two 50 ms computed tomog-
raphic images during the same cardiac cycle
in a dog with a heart rate of 120 beats/min
obtained with the prototype cjne C-IOO scan-
ner being tested at the University of Cali-
fornia, San Francisco (U.C.S.F.). The ap-
pearances of the left and right ventricles (both
cavity and myocardial walls) are well seen
in diastole and en<l-systole with excellent
detail.
of the pericardium (Fig. 22). Normally this is a thin line,
only I to 2 mm in thickness, but it can reach I cm or more
when inflamed. The diagnosis of constriction by computed
tomography requires the administration of contrast medium.
The ventricles may then be seen as compressed tubular-
shaped structures. The atria are enlarged and the atrioven-
tricular groove is narrowed. Calcification of the pericardium
is an important suggestive sign, although not essential for
diagnosing constriction. Computed tomography is the most
sensitive technique for identifying calcification, and several
studies have demonstrated its value in distinguishing con-
strictive lesions from restriction. Computed tomography is
underutilized at present in this area in which echocardiog-
raphy has limitations.
Future Djrections
Once millisecond computed tomographic scanning is
clinically possible and practical, the exceptional potential
of computed tomography for exploring cardiac anatomy and
physiology should be realized. Present computed tomo-
graphic scanners are not only too slow, but can image only
a single slice at a time. Two advanced scanners are currently
under development using different principles. The Dypamic
Spatial Reconstruction at the Mayo Clinic is a research
instrument employing numerous X-ray tubes placed in a
circle around the patient which discharge in rapid milli-
second sequences to provide the numerous projections needed.
This device pioneered many of the ideas embodied in high
speed three-dimensional imaging (25).
During the first 10 years of computed tomographic de-
velopment, scanning speed was reduced from 5 minutes to
approximately 1 to 3 seconds. This initial improvement in
speed of approximately 300 times was made possible by the
introduction of fan beam computed tomographic scanning
techniques used in combination with multielement detector
arrays. This provided improved X-ray source utilization, as
well as improvements in data acquisition. However, present
scanners have a fundamental limitation primarily because
of their mechanical rotation mechanism. The introduction
of electronic scanning methods, such as those now available
with the cine computed tomographic scanner designed by
Douglas Boyd, PhD, render computed tomography capable
of complete cardiac imaging in real time without the need
for electrocardiographic gating (26). The design features of
this machine are illustrated in Figure 23. Figure 24 shows
the first computed tomographic images in a healthy dog
obtained with the prototype cine Col 00 scanner being tested
at the University of Califomia, San Francisco. The exposure
time of each scan was 50 ms. Recently, equally good images
have been obtained in patients, and cine computed tomog-
raphy with practical millisecond multislice scanners could
rival cineangiocardiography within the next to years, both
in speed and resolution (34). Such trends are important to
keep in mind when comparing computed tomography wit~
established cardiac imaging modalities, such as echocardi-
ography and thallium scintigraphy, "s well as advaf\ced
techniques, such as digital subtraction angiography and nu-
clear magnetic resonance. The future may well see fast
multi slice (cine) computed tomographic scanners being in"
stalled for routine di"gnostic purposes in many departments.
These instruments should permit clinical cardiac computed
tomographic techniques to move from the experim~ntal stage
into the mainstream of routine clinical practice.
Summary
Computed tomography is a promising new imaging tech-
nique that has not yet been widely applied to cardiac disease.
There is, furthermore, very little experience with it in pa-
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tients with congenital cardiovascular disorders. Neverthe-
less, early studies (35) with this modality indicate great
promise for future application at low levels of radiation-
approximately 10 to 15% of that of a conventional angiogram.
The feasibility studies thus far performed indicate that
present whole body computed tomographic scanners can
provide useful clinical diagnostic information in patients
with heart disease. Although at present cardiac computed
tomographic scanning is limited, primarily by relatively long
exposure times, there is strong evidence that the introduction
of high speed computed tomographic scanners will have a
dramatic impact on the practice of cardiology.
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